Advance selling occurs when sellers allow buyers to purchase at a time preceding consumption (Shugan and Xie 2000). Electronic tickets, smart cards, online prepayments, and other technological advances make advance selling possible for many, if not all, service providers. These technologies lower the cost of making complex transactions at a greater distance from the seller's site. They also give sellers more control over advance selling by decreasing arbitrage. As technology enhances the capability to advance sell, more academic attention is vital. This paper strives to exploit these technologies by developing advance-selling strategies.
ciently high to convince buyers that the spot price will be higher than the advance price.
Second, we find that advance selling can almost double the profits from optimal spot selling to early arrivals. We also show that advance selling has no impact on consumer surplus in markets with homogenous consumers and no capacity constraints. Therefore, advance selling can increase social welfare because seller profits increase.
Third, we find that two very important factors impacting the profitability of advance selling are seller credibility and marginal costs. Buyers only advance buy when they expect an advantage from advance buying over spot buying. Without capacity constraints, sellers must credibly convince buyers that the advance price is at a discount to the spot price. We show that this condition is met under different circumstances. For example, large marginal costs can create credibility because buyers believe that these costs will lead to high spot prices.
Fourth, we find (although optimal advance prices can be at a discount to the spot price) that sometimes a premium is optimal. Premiums are optimal when capacity is large (but limited) and marginal costs are not too large. Buyers advance purchase at a premium to spot prices when capacity is limited and spot prices are low. (Note that this is not a risk premium, and risk aversion is not required.) No prior research has suggested this strategy because that research relies on the assumption that early arrivals are more price sensitive than later ones. Without that assumption, premium advance pricing is sometimes optimal.
Fifth, we find that binding capacity constraints can impact the profitability of advance selling in opposite ways. On one hand, capacity constraints create seller credibility. Buyers believe that spot prices will be high when they know spot capacity is limited (and, perhaps, more limited by advance sales). On the other hand, when capacity is limited, the need to increase sales from discounted advance prices diminishes.
Sixth, consistent with Desiraju and Shugan (1999) we find that limiting advance sales can be profitable, but only under restrictive conditions. These conditions are: (1) selling to all early arrivals would leave insufficient capacity in the spot period to sell to all secondperiod arrivals with high valuations, (2) the optimal spot price is high, and (3) marginal costs are sufficiently small to make advance selling profitable.
Finally, we find that buyer risk aversion can sometimes increase the profitability of advance selling.
Our findings provide precise guidelines for a large number of service providers that will have the technical capability to advance sell. For those service providers, advance selling provides a creative pricing strategy that can potentially provide substantial improvements in profits. (Pricing; Advance Selling; Advance Pricing; Tickets; State-Dependent Utility; Services Marketing; Dynamic Pricing) ELECTRONIC TICKETS, SMART CARDS, AND ONLINE PREPAYMENTS: WHEN AND HOW TO ADVANCE SELL 1. Introduction
New Technologies and Advance Selling
Technological advances are having a greater impact on marketing and the ability to implement marketing strategies (Shugan 1994) . These advancements often provide new capabilities or lower the costs of existing capabilities. In particular, new technologies now allow service providers to (1) construct more complex transactions, often at lower costs, (2) complete complex transactions at a greater distance from the service provider's site, and (3) control the extent to which arbitrage occurs. These capabilities are particularly important when service providers engage in the practice of advance selling.
Advance selling occurs when sellers allow buyers to purchase at a time preceding consumption (Shugan and Xie 2000) . Service providers can advance sell their services in periods preceding the consumption period by using advance tickets, stamps, tokens, personal vouchers, passes, or other certifications good for service consumption during a future time interval (i.e., the spot period). Advance prices, paid in the advance period, are also called forward prices, prepaid vouchers, supersaver prices, advance ticket prices, early discounted fares, early-bird specials, early booking fares, and advance purchase commitments.
Although some sellers have practiced advance selling, technological limitations have restricted its usefulness. For example, traditional tickets have allowed sellers to advance sell their services well before consumption, but the transaction costs were high. It was difficult and costly to make advance transactions from distant locations except with specialized channels (e.g., travel agencies). Traditional tickets were also limited to only the simplest and most standardized transactions. Traditional tickets suffered from many other disadvantages, including the overwhelming problem of arbitrage. The ability of arbitrageurs to resell advance tickets often dramatically decreased seller profitability.
New technologies are overcoming these problems with traditional tickets. They decrease transaction costs in making advance sales and allow far more complex transactions. They prevent or discourage arbitrage. They allow many new applications of advance selling. These new technologies include electronic tickets, smart cards, online prepayments, and electronic money. These technologies are making advance selling possible for many, if not all, service providers. Electronic tickets can store information on a magnetic strip, while smart cards actually hold the customer's information in a computer chip. They can be sold online and allow sellers tremendous flexibility. Restaurants, for example, are now able to advance sell an electronic ticket good for two meals, only on Tuesday nights, for up to $20, at any participating chain for the next month, good only for a customer whose picture is electronically coded on the ticket. The electronic ticket is updated each time it is used, and all the restrictions are encrypted on the ticket. Sellers can also use smart cards, among many other advance-selling applications, such as electronic money. Some golf clubs, for example, now allow members to prepurchase services by loading smart cards with ''money'' that can be spent in the club shop or club bar.
With the development of Internet and smart card technologies, more service providers are beginning to use advance selling (e.g., see www.raileurope.com). Some travel agents sell prepaid vouchers for taxis, hotels, meals, and other travel services. Sheraton and Holiday Inn have prepaid voucher programs (Lollar 1992) . Airlines sell discounted advance tickets. Conferences, lectures, tours, and seminars offer lower early registration fees. Some railroads and subways are beginning to offer discounted advance ticket prices. Outdoor concerts, rodeos, parades, festivals, playhouses, county fairs, civic events, circuses, and other events are experimenting with cheaper advance tickets (Melendez 1997 , McVea 1997 . New online services (see www.ticketmaster.com) offer advance sales from credit unions, AAA Travel, and Fox Box Office. They now allow remote buyers with palmtops to advance purchase tickets for fishing excursions, theater events, sports events, limousine services, music concerts, trains, golf vacations, cruises, amusement parks, theme parks, 1 and Broadway plays.
As technology continues to lower the cost of advance selling, more service providers will be able to administer sophisticated advance-selling strategies previously enjoyed only by large airlines and hotel chains. Rapid advances in information technology 2 will allow more sellers to design advance-selling systems because they can better estimate advance demand with accurate buyer data and analysis. Moreover, more firms will be able to sell in advance by means of technologies like online purchase, smart tickets, and personalized vouchers. Whereas previously buyers usually needed to travel to the service provider to make a prepurchase, some providers now offer advance tickets and other prepayment through online websites (e.g., http://www.advancetickets.com and http://www. concoursedelegance.org/advancedtickets.htm). Computerized ticket machines can record demand and change prices with very little cost. Smartcards-small reusable tickets containing computer chips that allow complex prepayments and fare collection (Strandberg 1992 )-both reduce transaction costs (e.g., http://www.smartaxis.co.uk) and limit arbitrage because personalized information stored in electronic form makes it relatively difficult to resell unused tickets. Improving technology may make advance selling possible in many new categories, including dry cleaning, dining, videos (Eliashberg et al. 1998) , and products with network externalities (Padmanabhan et al. 1997, Xie and Sirbu 1995) .
As technology enhances the capability to advance sell, more academic attention is vital. This paper strives to exploit these technologies by developing advance-selling strategies.
The Goal and Findings of This Study
Our paper's goal is to determine when advance selling improves profits and, when it does, how to set advance prices. We specify conditions under which advance selling is more profitable than spot-only strategies (i.e., tickets sold at the gate). We examine the possibility of selling in both an advance and spot period. We allow buyers to arrive in each period. We also allow early arrivals to advance buy or wait.
We ask and answer seven questions. First, when should sellers advance sell? Second, how much can advance selling improve profits, compared with only spot selling? Third, what factors impact the profitability of advance selling, and how? Fourth, should advance prices be higher, lower, or the same as spot prices? Fifth, how do capacity constraints impact advance-selling strategies? Sixth, should sellers limit the number of advance sales? Finally, what is the possible impact of buyer risk aversion? We now summarize our answers to these questions and present some of our findings on optimal seller strategies.
First, given the technology, we conclude that advance selling is appropriate in more situations than previously identified. Similar to Shugan and Xie (2000) , we find the profitability of advance selling is fundamental to buyer uncertainty about future valuations. This finding is important because buyers are nearly always uncertain about their future valuation of most services (e.g., the utility of next year's vacation or a future college education). Given buyer uncertainty and sufficiently low marginal costs, sellers can potentially earn greater profits by advance selling.
However, we also find that for advance selling to improve profits, buyers must expect an advantage from advance purchasing. That advantage could be either a discount over the spot price or capacity that would not be available in the spot period. Hence, although capacity constraints are not required, they can make advanced selling a viable strategy when credible discounting is not possible. Specific buyer risk preferences, limits on advance sales, and refunds can also act in a way to enhance the advantage of advance selling.
These findings suggest that advance selling can help service providers in any industry in which buyers have uncertainty about their future valuations for a service (provided announced spot prices are credible and marginal costs are within a specified range). As discussed later in detail, advance selling increases profits by increasing sales to more buyers (compensating for the discounted advance price) or increases profits by allowing a premium advance price.
Second, without any industry-specific factors, we derive the profit improvement from advance selling to early arrivals. We find that the profits from advance selling to early arrivals can be up to twice the profits from only spot selling. Additional industryspecific factors (e.g., varying price sensitivities) could further increase the advance-selling profits, but they are not required. Third, we find seller credibility and marginal costs are important factors that determine the profitability of advance selling. Buyers are willing to advance purchase when they believe future spot prices will be high (for reasons we discuss later). This situation occurs when seller announcements about future spot prices are credible. In addition to credibility, the advance price must improve seller profits over only spot selling. When advance prices are at a discount to the spot price, advance selling provides an increase in sales volume by selling to some buyers who would not purchase in the spot period because they realize low valuations. A low marginal cost ensures that the volume from additional purchases offsets the discount in the advance period. Figure 1 shows the answers for questions 4 through 6. It summarizes our subsequent findings regarding the level of advance prices and how capacity constraints impact advance prices.
As Figure 1 shows, the optimal strategy depends on the level of capacity and marginal costs (these levels are precisely defined later). Five different selling strategies are sometimes optimal. Strategies [S2], [S3], and [S4], shown as shaded boxes, provide higher profits than only spot selling. Now, consider each of the five strategies.
[S1] HIGH Spot Prices WITHOUT Advance Sales. This strategy is to sell at a high spot price (inducing only some buyers to purchase) and to not advance sell. This strategy is best either when capacity is very small or when marginal costs are large. However, the reason is different for each case. When capacity is very small, the seller can sell all of the capacity at a high price. There is no incentive to offer advance discounts to increase sales because sales are limited by capacity. With large marginal costs, it is unprofitable to advance sell at discounted prices because the revenue from some buyers (i.e., those with future low valuations) does not exceed the marginal cost.
[S2] DISCOUNT Advance Selling-LIMIT on Advance Sales. This strategy involves selling in advance at a discount to the spot price, but limiting the number of advance sales to reserve sufficient capacity for sale in the spot period. The strategy is best when capacity is sufficiently small to make high spot prices optimal, and when marginal costs are sufficiently small so that advance selling at a discount is profitable. Consistent with the findings of Desiraju and Shugan (1999) , we find that advance discounts with limited sales are only appropriate in specific situations. Only firms facing small capacity and less than large marginal costs should offer discounted advance prices and limit sales at those prices. With large capacity, limiting early sales provides no benefit because there is sufficient capacity to serve late arrivals. When capacity is very small, advance selling has no advantage because all sales should occur at high spot prices.
[S3] DISCOUNT Advance Selling-NO Limit on Advance Sales. This strategy is similar to Strategy [S2], except that advance sales are not limited. The reason for not reserving capacity is that when all early arrivals advance buy, capacity in the spot period is now sufficient to serve all customers with high valuations. This strategy is optimal in two cases, both cases having sufficiently large capacity (i.e., medium, large, or unlimited).
The first case is when costs are medium. Here, costs are sufficiently high to make high spot prices credible but not too high to make discounting unprofitable. In that range, each advance sale increases profits. With medium capacity or more, sellers have sufficient capacity to serve all late arrivals with high valuations. The additional advance sales compensate for the advance discount. Hence, Strategy [S3] is optimal with either limited or unlimited capacity, provided that marginal costs are medium.
The second case is when costs are small. Here, Strategy [S3] is optimal only with a medium capacity because that capacity is required to create credibility.
Unlike prior research (Gale and Holms 1993 , Dana 1999 , Desiraju and Shugan 1999 ) that motivated advance selling as a consequence of capacity constraints, we find advance selling can increase profits with unlimited capacity. Advance selling improves profits by inducing sales from all early arrivals, including those who would not have spot purchased. With this strategy, no limit on advance sales is necessary because capacity is sufficient to allow all late arrivals to purchase at the high spot price. Note that this strategy requires credibility, i.e., Period 1 arrivals only advance buy when they believe spot prices will be high. Unlimited capacity requires sufficiently large marginal costs to ensure a high spot price. Limited capacity, in contrast, creates its own credibility and therefore allows advance selling for a wider range of costs.
[S4] PREMIUM Advance Selling-NO Limit on Advance Sales. This strategy is to advance sell at a premium to the spot price. This strategy is best when capacity is large (i.e., sufficient to make a low spot price optimal but insufficient to satisfy all spot demand). Here, some buyers pay a premium in the advance period over the spot price. They pay this premium because advance buying has a higher expected buyer surplus than waiting. The expected surplus from waiting is smaller because not finding spot capacity produces no surplus. Note that this result is not a risk premium, and risk aversion is not required. Buying at a premium simply has a higher expected value than waiting. By charging a premium, sellers improve profits compared with spot selling only.
Most previous research (Gale and Holmes 1993 , Dana 1999 , Desiraju and Shugan 1999 has only considered advance selling at a discount because advance selling was motivated by a different reason, i.e., early arrivals are more price sensitive. Our results reveal that advance selling at a premium price can improve profits over only spot selling without assuming specific patterns of price sensitivity.
[S5] SAME LOW Advance and Spot Prices. This strategy is to advance and spot sell at a low price that induces purchases from all buyers. This strategy is best when there is unlimited capacity and low costs. Without capacity constraints or high marginal costs, only a low spot price is credible. Hence, buyers will only advance buy at prices equal to the low spot price. Advance selling at that price generates no more profit than only spot selling.
Finally, our last question concerns the possible outcome of buyer risk aversion. We find that buyer risk aversion can sometimes increase the profitability of advance selling. To understand this, consider the possible risks. Buyers who advance purchase and later have low valuations lose by paying more than their valuations. Buyers who do not advance purchase lose the discount from advance buying when they later have high valuations. When risk aversion accentuates the latter loss over the former loss, the profitability of advance selling increases.
Our findings provide clear guidelines for managers who are acquiring the technical capability to advance sell or are in industries where new technologies are emerging. In these cases, advance selling provides a creative pricing strategy that can potentially increase profits.
We proceed as follows. We first review the extant literature and develop a model for analyzing advance selling. We examine the impact of capacity constraints, risk-averse buyers, and refunds on advance selling. The paper ends with conclusions and areas for future research.
Existing Literature
There are several related literatures. First we consider the literature on price discrimination in the airline industry, which focuses on specific features of that industry, including limited capacity and late arrivals who are less price sensitive than earlier arrivals (Gale and Holmes 1993, Dana 1999) . The late arrivals are sometimes modeled as having a higher cost of commitment. Desiraju and Shugan (1999) argue that these factors suggest that airlines should limit advance sales to reserve capacity for the consumption period, and that yield management systems are sophisticated systems for limiting, rather than encouraging, advance sales. Yield management systems (YMS)-also called capacity management-implement sophisticated heuristics and tools for capacity allocation. These tools include overbooking capacity, reserving capacity, and estimating available capacity. Overbooking with opportunistic cancellations can significantly improve firm profits (Biyalogorski et al. 1999) .
Our paper significantly generalizes the airline-pricing literature. As noted earlier, advance selling improves profits when sellers can credibly convince buyers that the advance price is at a discount to the spot price. The high spot price encourages price-sensitive buyers to advance purchase, resulting in price discrimination. The specific features of the airline industry, including capacity constraints and late priceinsensitive arrivals, allow price discrimination by making high spot prices credible. However, we show that the profit improvements from advance selling do not depend on capacity constraints or a negative correlation between arrival time and price sensitivity. Price discrimination is not required. Hence, although yield management systems may be limited to capacity-constrained services (Desiraju and Shugan 1999) , we show that industries not sharing the industry-specific factors of airlines can still improve profits with advance selling.
A second related body of literature is that on price deals (or sales promotions). In their seminal article, Blattberg, Eppen and Lieberman (1981) suggest that buyers, with low inventory costs, stock items on deal for future consumption, thereby transferring seller inventory-carrying costs to buyers. Later research (Jeuland and Narasimhan 1985) suggest that this transfer creates price discrimination because buyers with higher carrying costs pay higher prices. This reason for promotions is consistent with later findings showing that market shares remain unaltered by promotions (Lal and Padmanabhan 1995) . Our paper does not require differences in inventory-carrying cost or price discrimination between heterogeneous buyers.
A third related literature considers contingent claims contracts and the special case of insurance. The execution of these contracts depends on risky but observable events (Malinvaud 1972, p. 10) . For example, futures markets let buyers and sellers hedge against observable future price changes (Working 1953) , using contingent futures contracts. Another example is fire insurance for which insurers pay benefits only when fires occur. Lotteries are also contingent contracts that pay prizes only when buyers' numbers are chosen. Here, sellers' costs depend on whether the event occurs. Unlike our paper, in which sellers do not observe buyers' consumption states, contingent claims require sellers to observe the contracted event (i.e., the fire). Also, with contingent claims, services are only rendered when both buyers and sellers observe the event. Finally, unlike in this study, where information is asymmetric in the consumption period, contingent claims contracts assume symmetry as everyone learns spot prices together.
Note that airline reservations may be contingent claims contracts for risk-averse buyers. For example, with an interesting two-period model, Png (1989) argues that airline reservations are a form of insurance. He exploits the fact that airlines are a faster, but uncertain, mode of travel. Future travel by air involves uncertainty about fares and overbooking. The alternative, i.e., the train, is a certain but slower means of travel that is not possible in the future. Risk-averse buyers are reluctant to forgo current and certain travel in favor of risky future but faster travel. Free airline reservations that guarantee the future price provide the required insurance that encourages buyers to wait and fly. Our paper shows that advance selling can improve profits without insurance, risk-averse buyers, overbooking, unavailable future alternatives, or other airline-specific factors.
A very interesting paper by Hayes (1987) uses aspects from the literatures on insurance and price dis-crimination. Hayes shows that two-part tariffs (which act as price-discrimination schemes) can enhance risk-averse-buyer welfare by acting as insurance. Buyers pay a fixed amount as insurance and then consume at below marginal costs after consumption uncertainty is resolved. The benefit of insurance allows Hayes (1987) to explain how two-part tariffs can persist in highly competitive markets that should eliminate price discrimination.
A fourth related and extensive literature concerns peak-load pricing. This literature focuses on how prices should change when there are seasonal shifts in demand. For example, Radas and Shugan (1998b) show that encouraging consumers to shift their demand to off-peak periods is unprofitable but sometimes socially desirable. This literature examines the implications of fluctuating demand rather than advance selling.
The most related literature is on state-dependent utility theory, where buyer valuations depend on future circumstances or state-dependent factors (e.g., Fishburn 1974 , Kreps 1979 , Zettelmeyer 1996 . For example, a spare tire's value is greater in the state in which the driver gets a flat than when no flat occurs. A formal French dinner provides more value when a diner is in the mood for a formal French dinner than when the diner is not. Unlike traditional utility theory, where utility is only a function of product attributes (Hauser and Wernerfelt 1990 , Johnson et al. 1995 , Rust and Oliver 1994 , Srinivasan et al. 1997 ), now utility also becomes a function of future circumstances. Common applications (e.g., Cook and Graham 1977) of state-dependent utility functions and extensions (e.g., Plummer and Harman 1986) occur in public policy and risk assessment.
The empirical marketing literature is consistent with state-dependent utilities. Simonson and Winer (1992) suggest that ''it may be difficult to predict a week in advance whether one will be in the mood for a strawberry-or a raspberry-flavored yogurt. '' McAlister and Pessemier (1982) imply that predicting preferences is difficult because of variations in mood, usage situations, and so on. Bettman et al. (1998) note that situational factors cause preference changes and ''although a consumer has a strong preference for chocolate, he or she may sometimes order another dessert.'' Situational factors as minor as ambient odor (Mitchell et al. 1995) or social surroundings (Stayman and Deshpande 1989) could change preferences. Econometric techniques allow the estimation of ''heterogeneity caused by consumers changing their latent preference'' (Bockenholt and Dillon 1997) . Shugan and Xie (2000) argue that state-dependent utility theory can be applied to situations in which consumption and purchase occur at different times. They argue that when purchase precedes consumption, buyers can be uncertain about their future utility from consumption. Consider buying a concert ticket two weeks before a concert. In advance, buyers may be uncertain about their future consumption state (e.g., health, expected conflicts, mood). At the time of the concert, buyer uncertainty about the consumption state is resolved, while sellers remain unable to observe buyer states. Consequently, information is symmetric in the advance period but asymmetric in the consumption period.
In the spot period, there is an information asymmetry because sellers are unable to observe buyer valuations. Valuations are private information known only by buyers. Sellers are, therefore, at a relative informational disadvantage (e.g., Hess 1987, Wernerfelt 1995) . However, Shugan and Xie (2000) observe that the relationship is dynamic and changes over time. Moving forward from the consumption period, the asymmetry in information diminishes as buyers also become uncertain about their future consumption state. In the advance period, that seller disadvantage disappears because, like sellers, buyers also are uncertain about their future valuations. Shugan and Xie (2000) suggest that advance selling overcomes the informational disadvantage of sellers.
In the Shugan-Xie model buyers have probabilities q and 1 Ϫ q of having a high and low future valuations H and L. They show that advance selling at price qH ϩ (1 Ϫ q)L provides more profits than only spot selling at any spot price. They present the following example. Consider 100 potential ticket buyers for a county fair with low and high valuations $2 and $5, respectively. Suppose the valuations are equally likely The Process and marginal costs are zero. When the fair only spot sells, the fair can sell tickets at $2 to all buyers, or at $5 to half the buyers. The $2 and $5 prices yield profits of $2 ϫ 100 ϭ $200 and $5 ϫ ½ ϫ 100 ϭ $250, respectively, so the optimal spot price is $5. With advance selling weeks before the fair date, buyers have an expected valuation of ($2 ϫ ½) ϩ ($5 ϫ ½) ϭ $3.50. Advance selling at $3.50 produces profits of $3.50 ϫ 100 ϭ $350, which is greater than the spot profits at any spot price. The fair improves profits by ($350 Ϫ $250)/$250 ϭ 40% without capacity constraints and without price discrimination (i.e., all buyers pay the same price). The subsequent sections of this paper generalize the Shugan-Xie model to allow second-period arrivals, capacity constraints, premium pricing, limits on advance sales, buyer risk preferences, exogenous seller credibility, refunds, and other factors. Unlike prior research on advance pricing, we identify situations when the advance price should be higher than, lower than, or the same as the spot price.
We do not, however, consider the impact of competition on advance selling in this paper. In another paper (Shugan and Xie 2001) we do examine the impact of competition. We find that the market power of the seller determines the outcome of advance selling. However, when multiple sellers all advance sell, everyone can potentially gain, creating a ''win-winwin'' situation where each seller's profit and buyer surplus all increase.
The Model
Consider a two-period model where N Ͼ 0 buyers arrive in each period. We refer to Periods 1 and 2 as the advance and spot periods, respectively. Consumption occurs only in the spot period, but purchase can occur in either period. Buyers and sellers are both forward looking and anticipate Period 2. In Period 1, buyers are uncertain about their consumption states and, hence, their valuation for the service in the spot period. So, buyers form expectations in Period 1 about their future valuations consistent with expected utility theory (Fishburn 1974) .
Consider, for example, preregistration for a conference. At the time of the conference, possible attendees learn of conflicts, opportunities, and constraints that were uncertain at the time of preregistration. In favorable states, they will pay more than in unfavorable states. In Period 1, early arrivals learn of the conference and decide whether to preregister. They form expectations about how much they will value the conference. They compare the spot and advance price to decide whether to advance purchase. Those who do not advance buy can spot buy in Period 2, or not buy. Additional late arrivals in the spot period also learn of the conference and decide whether to register. Note that uncertainty in buyer expectations comes from uncertainty about consumption states rather than product attributes. The former uncertainty is resolved by time alone, while the latter uncertainty is resolved after consumption. Although both types of uncertainty may be present, we emphasize the former. Figure 2 depicts the events in the two-period process. Period 1 has three events: (1) Period 1 consumers arrive, (2) the seller announces the spot and advance prices, and (3) Period 1 arrivals decide whether to buy or wait. In the basic model, all arrivals can buy if they choose to do so. Later in this paper, we con-sider situations in which sellers limit sales because of limited capacity. Period 2 has four events: (1) Period 2 consumers arrive, (2) the seller announces the spot price (as we discuss later, rational buyers in Period 1 should anticipate this actual price when buyers make Period 1 buying decisions), (3) new arrivals, as well as Period 1 arrivals who did not advance buy, now decide whether or not to spot buy (as we discuss later, some advance buyers may receive refunds), and (4) buyers consume. In the basic model, all buyers consume because capacity is sufficient. Later, however, we allow limited capacity to prevent some buyers from consuming.
The Process
The problem is a dynamic program, solved by backward induction. We first determine buyer behavior in Period 2. That behavior implies optimal spot prices. Those prices determine buyer behavior in Period 1. Buyers in the advance period consider the advance price and the anticipated spot prices to decide whether to advance purchase or wait. That advance behavior dictates the optimal advance price. We begin with buyer behavior in the spot period.
Buyer Behavior in the Spot Period
In the spot period, consumption occurs and the buyer's utility depends on the consumption state (i.e., numerous uncertain factors such as the buyer's mood and possible conflicts occurring at the time of consumption). We do not restrict the duration of either the advance or the spot period. The later period could be a particular show time or several days in duration. Either period's duration is irrelevant for our qualitative results.
Following the Shugan-Xie basic model (Shugan and Xie 2000) , we consider potential buyers facing two possible consumption states-favorable or unfavorable (i.e., a two-point Bernoulli distribution). The market consists of buyers who may purchase in either state, but will pay less in unfavorable states. Buyer valuations (i.e., the maximum amount buyers will pay) for a service in favorable and unfavorable states are H and L, respectively. To be precise, these valuations are the differences in utility between consuming and not consuming in favorable and unfavorable states, respectively. By definition, valuations are greater in favorable states, i.e., H Ͼ L. Finally, q denotes the probability that a buyer is in a favorable state.
Following convention, consumers buy when and only when they get a nonnegative surplus. Moreover, given several alternatives, they choose the one with the largest surplus. When the surplus is equal, buyers choose the alternative favoring the seller because sellers can resolve buyer indifference with an infinitesimal price reduction.
Seller Strategy in the Spot Period
Let p t denote price in period t, t ϭ 1, 2. Demand in Period 2 comes from Period 2 arrivals as well as Period 1 arrivals who have not purchased in Period 1. Spot pricing above H yields no demand. By spot pricing at L or less, the seller can induce all consumers to buy. Other spot prices induce sales only from consumers in favorable states.
Using backward induction, we first find optimal spot prices, p , that maximize Period 2 profit, then * 
Buyer Behavior in the Advance Period
In Period 1, buyers observe the advance price p 1 and expect a future spot price, denoted p 2 . Buyers advance purchase only when the expected surplus from advance buying (ESA) exceeds the expected surplus from waiting (ESW ). The expected valuation for the product or service is EV ϭ qH ϩ (1 Ϫ q)L and the expected surplus from advance buying is ESA ϭ EV Ϫ p 1 . The expected surplus of waiting depends on whether
Buyers advance purchase when both (a) ESA Ն ESW and (b) ESA Ն 0. Theorem 2 follows.
THEOREM 2 (BASIC MODEL-BUYER BEHAVIOR IN PERIOD 1). When buyer valuations are H and L with probabilities
q and 1 Ϫ q, respectively, the maximum price inducing an advance purchase is
Theorem 2 implies that buyers will advance buy when the price is no more than p , which depends max 1 on the buyer's expectations regarding the spot price p 2 . Therefore, advance buyers will never pay more than p 2 without capacity constraints. However, as we show later, advance buyers may pay more than p 2 when capacity constraints are present.
Note that it is easy to generalize Theorem 2 to distributions having more than two states (H, L). Consider a general density function f (r) for buyer valuations where L Յ r Յ H. We find the maximum advance price (buyers will pay) by equating
for a general distribution. Also note that higher expected spot prices can increase the amount buyers will pay in the advance period. Hence, sellers may want to overstate spot prices in Period 1 to raise p 2 and get buyers to pay more in the advance period. The literature considers these announcements as credible only when the announcements are consistent with seller incentives. We subsequently analyze the problem with rational consumers (Coase 1972 ) who understand that, in Period 2, sellers will adopt the spot price that maximizes spot profits. Hence, buyers expect p 2 ϭ p . The is-* 2 sue of ex ante credibility arises in many other contexts where the assumption of naïve buyers is unacceptable (Padmanabhan et al. 1997, Sobel and Takahashi 1983) . Beyond the basic Shugan-Xie model, there are other ways to ensure credibility. Later, we discuss capacity constraints as another method of ensuring credibility. We also discuss possible exogenous credibility due to reputation effects or other factors that allow sellers to credibly commit to their preannounced spot prices.
Seller Strategy in the Advance Period
We now compare profits from advance selling with spot-only strategies. Let the profits from advance selling and spot-only selling strategies be A ( p 1 , p 2 ) and S ( p 2 ), respectively. For example, with an advanced price of p , the profits from advance selling and max 1 spot-only selling are given in Equations (1) and (2):
Theorem 3 provides the conditions under which advance-selling profits exceed spot-only profits. Table 1 provides the optimal seller strategies.
We see that when L Ͼ c Ն c, the optimal strategy is to sell to all early arrivals at a price discounted to the spot price, i.e., p ϭ EV Ͻ p ϭ H. Advance selling * * 1 2 increases profits by increasing sales by (1 Ϫ q)N. These sales come from buyers who will later be in an unfavorable state and will not buy at a high spot price. However, when c Ͻ c the optimal spot price is low, which induces sales from all buyers, so advance selling has no advantage. When costs are too high (c Ͼ L) then there is no profit from selling to buyers in low states. Selling to these buyers with a discounted advance price is, therefore, not profitable. We conclude that in the basic model advance selling improves profits when both c Ն c and L Ͼ c. We refer to the first condition (c Ն c) as the credibility condition. This condition ensures that p ϭ H. * 2 Advance selling only improves profits when buyers are willing to advance buy at a price greater than L. To advance sell at prices greater than L, buyers must believe that the spot price is also greater than L, as shown in Theorem 2. Otherwise, p ϭ L and
. In the basic model, the only way max 1 to achieve this credibility is for c Ն c, which ensures the actual spot price is greater than L, i.e., p ϭ H. * 2 When c Ͻ c, the credibility condition fails and the optimal spot price is L. Later, we discuss other means for establishing credibility, including capacity constraints. We refer to the second condition (L Ͼ c) as the profitability condition. This condition ensures that costs are sufficiently low so that serving customers in unfavorable states produces some profits. Advance selling increases profits when it allows advance sales to buyers who would be in unfavorable states later and would not purchase under a spot-only selling strategy. Selling to those buyers, however, is unprofitable when they value the product/service less than its cost. When costs are too high, c Ն L, the profitability condition fails, and advance selling provides no greater profits than spot selling at H.
As seen in the basic model, both the credibility and profitability conditions can thus be expressed as constraints on marginal cost, L Ͼ c Ն c. Note that the basic model does not require early arrivals to exhibit greater price sensitivity than later arrivals or that capacity constraints be binding. The early arrivals and the later arrivals can have the same valuations. Therefore, the profit potential of advance selling is fundamental to a degree of buyer uncertainty and a range of seller's costs. Specific industry characteristics such as capacity constraints are unnecessary. The profit potential of advance-selling strategy is, therefore, far more general than previously realized. In the next section, we examine that profit potential and the impact of advance selling on social welfare.
Profit and Social Welfare Implications

Profit Advantage of Advance Selling
We now explore how much advance selling can improve profits compared with the best spot-only strategy. Theorem 4 shows the profit advantage of advance selling. For example, when N ϭ 10, L ϭ 2, H ϭ 11, c ϭ 1, q ϭ 0.1, the advantage of advance selling is (1 Ϫ q)(L Ϫ c)N ϭ 9, and advance selling increases profits by 90%.
THEOREM 4 (PROFITS ADVANTAGE
Advance selling improves profits by (1 Ϫ q)(L Ϫ c)N. This improvement increases as the favorable-state probability (q) decreases, the cost (c) decreases, and the unfavorable-state valuation (L) increases. However, the condition c Ն c ϭ (L Ϫ qH)/(1 Ϫ q) constrains all three variables. As Theorem 4 states, the improve-ment from advance selling is maximized when the condition exactly holds, i.e., c ϭ c, where profits from early arrivals increase by 100(1 Ϫ q) percent. As q approaches zero, advance-selling profits approach twice the profits from optimal spot selling to early arrivals.
Social Welfare
This section examines the impact of advance selling on social welfare. With a medium cost, i.e., L Ͼ c Ն c, Theorem 3 states that sellers can improve profits by selling to all Period 1 arrivals at p 1 ϭ EV, where EV ϭ qH ϩ (1 Ϫ q)L. Without advance selling, a fraction q of the advance buyers will be in favorable states and spot buy at p 2 ϭ H. Others would not spot buy. The former group gains q(H Ϫ EV ) ϭ q(1 Ϫ q)(H Ϫ L) from advance buying, while the latter group loses
Thus, the aggregate change in buyer surplus caused by advance selling is zero. Advance selling does not reduce buyers' total surplus because it simply shifts surplus from some buyers (those in unfavorable states) to other buyers (those in favorable states). While individual buyers may be better or worse off, the aggregate surplus remains the same. Since advance selling increases seller profits (see Theorem 4) without any loss in buyer surplus, it can increase social welfare. This leads to Theorem 5.
THEOREM 5 (SOCIAL WELFARE). In the basic model, given midrange marginal cost (i.e., L Ͼ c Ն c) and a homogeneous market, advance selling has no impact on aggregate consumer surplus. Advance selling increases social welfare by (1 Ϫ q)(L Ϫ c)N.
Theorem 5 states the welfare implications of the basic model, where the market is homogeneous, i.e., buyers have the same valuations and probabilities. Hence, seller profits do not improve at the expense of buyers. Sellers' profits improve because more buyers are able to purchase.
Capacity Constraints
We now examine the impact of capacity constraints on advance selling. We first consider the impact on buyer behavior and, subsequently, the impact on the seller's optimal strategy.
Impact of Capacity Constraints on Buyers
Let T denote the seller's capacity. The basic model results when T Ն 2N; this section considers binding capacity, i.e., T Ͻ 2N. Following the yield management literature, we allow sellers to limit advance sales to S 1 , where S 1 Յ T. This limit allows sellers to reserve T Ϫ S 1 capacity for sales in Period 2.
With limits on capacity, buyers may try to purchase but not succeed. For example, given an advance price not exceeding buyer expected valuations (i.e., p 1 Յ EV, and a high spot price p 2 ϭ H), all buyers will attempt to advance purchase. So, the probability of obtaining capacity in Period 1 is S 1 /N.
Buyers who try and fail to advance purchase enter the spot period. Depending on the spot price and their consumption state, they may try to spot purchase and compete for capacity with Period 2 arrivals. In the case in which S 1 buyers advance purchase and p 2 ϭ H, then q(2N Ϫ S 1 ) buyers will attempt to purchase in Period 2. The Period 2 capacity is T Ϫ S 1 . When there is insufficient capacity for all buyers to spot purchase, i.e., T Ϫ S 1 Յ q(2N Ϫ S 1 ), then the probability of obtaining capacity in Period 2 is (T Ϫ S 1 )/q(2N Ϫ S 1 ). Theorem 6 follows.
THEOREM 6 (BUYER BEHAVIOR WITH CAPACITY CON-STRAINTS). When the capacity constraint is binding, i.e., T Ͻ 2N, and sellers limit Period 1 sales to S 1 , where 0 Յ S 1 Յ min{N, T}, then the maximum price inducing an advance purchase is:
where 2 ϭ (T Ϫ S 1 )/(2N Ϫ S 1 ) is the buyer' s probability of getting capacity in Period 2 given p 2 ϭ L.
Theorem 6 shows that when spot prices are high, then buyers will pay p ϭ EV in the advance period max 1 independent of expected capacity in the consumption period. Expected capacity is irrelevant because high spot prices eliminate both buyers' surplus from consumption and the opportunity cost associated with unavailable capacity. Buyers are indifferent between 
DISCOUNT Advance sellingNo limit on advance sales
Large capacity:
PREMIUM Advance selling-NO limit on advance sales 1. Advance selling improves profits in the bold cells.
The large-capacity case is only applicable when [(H
buying and being unable to buy given unavailable capacity. Low spot prices (p 2 ϭ L) produce a different consequence. Here, with probability q, buyers will have a high valuation and a positive surplus (H Ϫ L). In that event, there is a probability [1 Ϫ 2 ] that the buyer will lose this positive surplus. The buyer is willing to pay a premium of at most q(H Ϫ L)[1 Ϫ 2 ] in the advance period. The premium represents the expected lost surplus when both capacity is unavailable and the buyer has a high valuation. When the probability of available capacity is zero 2 ϭ 0, then the buyer will pay at most EV in Period 1 because spot buying is not an option. When the probability of available capacity is certain 2 ϭ 1, then the buyer will pay at most L in Period 1 because spot buying is always possible at the spot price of p 2 ϭ L.
It might appear that the premium over the spot price that buyers pay in Period 1 is a risk premium and a form of insurance. This interpretation is incorrect. Risk-neutral and risk-seeing buyers will still pay a premium. Advance purchases do more than guarantee capacity. Remember that guaranteed capacity has no benefit when p 2 ϭ H. Advance buying allows buyers to secure the surplus that results when buyers have high valuations. Advance buying at prices below
simply provides a higher expected value than spot buying at p 2 ϭ L with probability 2 .
Hence, Theorem 6 shows that limited capacity can impact Period 1 buyer behavior when spot prices are low but has no impact on Period 1 buyer behavior when spot prices are high.
Impact of Capacity Constraints on Sellers
We now consider how capacity constraints impact the seller's optimal strategy. As noted earlier, sellers can limit first-period sales to S 1 . In the special case in which S 1 ϭ N, there is no limit on first-period sales, and all first-period arrivals can advance buy if they choose to do so. Theorem 7 provides optimal seller strategies. 
THEOREM 7 (IMPACT OF CAPACITY CONSTRAINTS ON SELL-ER STRATEGY
). Let p 1 ϭ L ϩ q(H Ϫ L)[1 Ϫ 2 ], Ŝ ϭ (T Ϫ 2qN)/(1 Ϫ q),
and 2 ϭ (T Ϫ S 1 )/(2N Ϫ S 1 ), then
Conclusion on Capacity Constraints
Theorem 7 reveals several interesting findings. First, we find that with limited capacity the profitability condition (i.e., L Ͼ c) is still required, but the credibility condition (i.e., c Ն c) is no longer required for advance selling to improve profits. Recall that without capacity constraints, a large marginal cost (i.e., c Ն c) was necessary to make a high spot price credible. Without that high spot price, buyers would not advance purchase. Theorem 7 reveals that a constraint on capacity (i.e., 2qN Ͻ T Ͻ 2N ) can make advance selling profitable. When capacity is not large (i.e., T
, constrained capacity creates credibility by making a high spot price optimal. With large but limited capacity (i.e., {1 ϩ [(H Ϫ c)/(L Ϫ c)]q}N Ͻ T Ͻ 2N ), we find premium advance selling becomes optimal, which leads to our second implication.
A secondary interesting implication is that capacity constraints can allow sellers to charge a premium for advance purchases. Recall that without capacity constraints, buyers will pay no more in the advance period than the expected spot price. With unavailable capacity, however, there is an infinite spot price. Advance buyers must now consider both the spot price and the likelihood of unavailable capacity. When sellers choose a spot price of p 2 ϭ L, then the buyer is willing to advance purchase at a higher price than the spot price. Hence, it is possible to have advance prices that are higher than spot prices. Here, buyers advance purchase because the expected surplus is higher than waiting, given a probability of unavailable capacity. The premium paid in the advance period is not insurance because risk-neutral buyers still advance purchase.
Although premium advance selling is inconsistent with current strategies employed by the airline industry, that observation may depend on specific industry characteristics (i.e., late arrivals by price-insensitive business travelers). Theorem 7 reveals that other industries may find it profitable to adopt other advance-selling strategies, such as advance selling at higher than spot prices. In other travel businesses, for example, Dawe (2000) finds last-minute bargain travel opportunities for flexible travelers who are willing to accept only a chance of travel (i.e., a positive probability of unavailable capacity). Here, last-minute purchasers accept the possibility of unavailable capacity in exchange for a low spot price.
Another example occurs in retailing. 3 A department store's seasonal inventory is analogous to a limited capacity because no additional quantity is available in a season. Preseason, buyers will purchase at a premium price because later buyers, who find themselves in need of an item, may find the item already sold (i.e., capacity becomes unavailable). Here, buyers advance purchase prior to the season to guarantee capacity, and advance selling becomes profitable. Risk aversion is not required and, therefore, this is not an example of insurance. This explanation of retail markdowns does not require retailer demand uncertainty but is consistent with that literature (Lazear 1986 ).
Finally, note that premium pricing is only optimal when [(H Ϫ c)/(L Ϫ c)]q Ͻ 1, which is when the cred- 3 We thank Brian Ratchford for this example. ibility condition fails, i.e., c Ͻ c. When credibility holds, the large-capacity condition in Table 2 is never satisfied and the medium-capacity case is applicable for all capacities larger than (1 ϩ q)N. Hence, premium advance pricing increases profits only when high spot prices are not credible and when capacity is limited (T Ͻ 2N ). Otherwise, a high spot price is best.
A third implication of Theorem 7 is consistent with Desiraju's and Shugan's (1999) findings. We also find yield management systems that limit advance sales are only necessary under specific conditions. We find that limiting capacity (Ŝ ϭ (T Ϫ 2qN)/(1 Ϫ q)) with YMS is only necessary for a range of capacities such that 0 Ͻ Ŝ Ͻ N, which corresponds to the condition 2qN Ͻ T Ͻ (1 ϩ q)N. Outside of that range, sellers have no need for YMS. When Ŝ Ն N, then T Ն (1 ϩ q)N and advance sales should occur without limit. When Ŝ Յ 0, then T Յ 2qN and no advance sales should be made, which leads to the fourth implication.
A fourth implication of Theorem 7 is that, although limited capacity can create the ability to advance sell, it can also decrease the incentive to advance sell. Recall that with unlimited capacity the superiority of advance selling comes from greater volume sales, i.e., sales of N rather than sales of qN. Capacity constraints can reduce the incentive to increase demand because with less capacity to sell, there can be less need to increase sales. When T Յ 2qN, then there is no additional profit from advance selling.
Finally, for industries that exhibit extreme seasonality (Krider and Weinberg 1998, Radas and Shugan 1998a) , our findings suggest that advance-selling strategies should change during seasons when capacity is more limited.
Other Factors
The following three subsections discuss how three other factors may impact the optimal advance-selling strategy. We examine the impact of (1) buyer risk aversion, (2) seller exogenous credibility, and (3) partial refunds by the seller. Although a complete analysis awaits future research, we provide specific advance-selling strategies for special cases. profits.
To proceed, we must define the buyer's utility for wealth (Savage 1954) . Let U j (w Ϫ p) denote the buyer's utility given initial wealth w, a purchase price p, and consumption of the service in state j where j ϭ F, U for favorable and unfavorable, respectively. By definition, risk aversion implies that U (w) Ͻ 0. It fol-Љ j lows that the expected utility from advance buying at price p 1 is qU F (w Ϫ p 1 ) ϩ (1 Ϫ q)U U (w Ϫ p 1 ). Now consider the expected utility of not advance buying when the spot price is p 2 ϭ H. If the buyer realizes a favorable state and purchases at p 2 ϭ H, then the buyer's utility is U F (w Ϫ H ). If the buyer realizes an unfavorable state and does not purchase, then the buyer's utility is U U (w Ϫ L) because the utility from not consuming exactly equals the utility from consuming at price L. Hence, the expected utility of not advance buying becomes qU
In the advance period, the buyer will pay no more than the price that equates the expected utility of advance buying and not. Hence, we find this maximum price p from the following equation:
F U Table 3 provides the advance price p given four max 1 specific utility functions. The first function is risk neutral and the others are risk averse. For example, consider the special case in which H ϭ 10, L ϭ 5, q ϭ ½, W ϭ 15, k ϭ 5, c ϭ 1. Then, the risk-neutral buyer will pay p ϭ 7.5. We find that for two commax 1 mon utility functions (Case 2 and Case 3), risk aversion increases the profitability of advance selling because the buyers will pay a higher advance price (i.e., p ϭ 7.7 in Case 2 and p ϭ 7.9 in Case 3). In max max 1 1 general, however, it is not possible to determine whether the profits will be higher or lower for a risk averse buyer. It depends on whether the buyer is more afraid of not advance buying in a favorable state (paying H rather than p ) or advance buying in an max 1 unfavorable state (paying p rather than not conmax 1 suming). It also depends on how the utility function differs in favorable and unfavorable states. In Case 4, the profits are lower because p ϭ 7.2. We conclude max 1 that the profit advantage of advance selling is not the result of risk neutrality. The impact of risk however, deserves future research.
Sellers with Exogenous Credibility
This section considers the situation in which buyers believe the spot price announced by the seller in Period 1 regardless of whether that spot price maximizes seller profits in Period 2. The basic model equates buyers' expected spot prices to sellers' optimal spot prices because sellers are unable to credibly commit to their preannounced spot prices otherwise. This section examines situations where reputation effects or other factors allow sellers to credibly commit to their preannounced spot prices. For example, the Philadelphia Zoo offers 3-week-in-advance tickets at $10.50 and gate tickets at $8.40 everyday (www.phillyzoo.org/pz-gs10.htm). Hence, on each day the zoo would have a mix of buyers who paid advanced and spot prices. Because spot prices are observable, they are credible, regardless of whether those prices are sellers' optimal spot prices. Many services offer such discounted advance tickets and higher priced spot tickets simultaneously and routinely (e.g., Fetish Beach Ball (xorvia.org/ beachball.html), truck and car shows (familyevents. com/calendar/calendar.html), and bridal shows (elegantbridalshow.com/orderform.html). We refer to those sellers as ''sellers with exogenous credibility.'' Only sellers with exogenous credibility can implement an advance-selling strategy {p 1 ϭ p , p 2 ϭ H }, max 1 even if the high spot price, p 2 ϭ H, produces less spot profits than p 2 ϭ L. Theorem 8 follows.
THEOREM 8 (OPTIMAL PRICING WITH EXOGENOUS CREDI-BILITY). For sellers with exogenous credibility, advance selling earns greater profits than spot selling when and only when L
In the basic model (Theorem 3), endogenous credibility requires c Ն c ϭ (L Ϫ qH)/(1 Ϫ q). With exogenous credibility, we now only require c Ն c, where c Ͻ c. Hence, exogenous credibility provides a greater opportunity for advance selling. Without exogenous credibility, buyers will expect a low spot price (given c Ͻ c) and will not advance purchase at EV (à la Theorem 2). With it, buyers expect high spot prices despite seller incentives to have a low spot price. Exogenous credibility gives the seller the ability to announce a believable high spot price when c Յ c Յ c. Then, the buyers advance purchase at EV when c Յ c Յ c, giving advance selling a profit advantage over only spot selling. Future research should investigate mechanisms for establishing exogenous credibility.
Refunds
It might appear that refunds destroy the advantage of advance selling because buyers no longer commit themselves to purchasing. Without that commitment, the ability of advance selling to increase sales is questionable. This section shows, despite lower sales with refunds, that advance selling with partial refunds can provide more profit than advance selling without them.
With partial refunds, buyers who advance purchase may later decide not to consume in exchange for a partial refund. Consider a partial refund R Ͼ 0. We allow buyers to have three states: a favorable state, an unfavorable state, and a no-value state. Buyers in no-value states are unwilling to pay any positive price for the service and prefer partial refunds to consumption, i.e., they will consume without refunds and will take the refund, otherwise. Let buyer valuations in these states be H, L, and zero, respectively. The three states occur with probabilities q H , q L , and q 0 , respectively. First, consider the case without refunds. Remember, buyers advance purchase only when the expected surplus of advance buying (ESA) exceeds the expected surplus of waiting (ESW ). Without refunds,
The maximum price inducing an advance purchase (p ) sets ESA ϭ ESW. See Equation (5):
Now, consider the case with refunds. With a refund of R Յ L, buyers will take the refund rather than consuming in a no-value state. The expected surplus of waiting, ESW, is the same as without refunds. Buyers' expected surplus from advance purchasing is
Comparing the profit from only spot selling with that from advance selling with and without refunds, Theorem 9 follows. Theorem 9 shows that advance selling with partial refunds is not only more profitable than spot-only selling, but also more profitable than advance selling without partial refunds (provided L Ն R). This finding may seem counterintuitive until we realize that partial refunds increase profits not by increasing revenues but by cost savings from not serving customers in no-value states. Given that buyers will pay more in the advance period when refunds are available, the higher advance price compensates for the actual cost of the refund (i.e., provided that L Ն R). Theorem 9 shows that offering refunds increases the profit of advance selling by q 0 c. The higher the buyers' probability of having a no-value state and the larger the marginal cost, the more the seller benefits from offering partial refunds. Other situations with multiple states and buyer heterogeneity deserve future research. Efficiency should also be explored .
Conclusions
Although advance selling had the potential to be an important marketing tool, problems in implementation have limited its usefulness. As new technologies (e.g., electronic tickets, smart cards, Web-based prepayments) are overcoming those impediments, we expect that small service providers will soon enjoy the sophisticated pricing strategies previously employed only by the largest companies. Small sellers can now advance sell on a website, allowing buyers to buy services in advance without physically visiting the service provider. As these events unfold, more academic attention to advance selling is vital. This paper tries to help exploit these emerging technologies by studying when and how advance-selling strategies are optimal.
This paper significantly generalizes the Shugan-Xie model (Shugan and Xie 2000) to provide two general findings and several specific findings.
General Findings
First, as Figure 1 shows, advance-selling tools are more applicable than previously thought. Buyers are nearly always uncertain about their future valuation of most services, and that uncertainty alone can make advance selling profitable. Unlike most previous research, we show advance selling can be profitable without industry-specific factors such as capacity constraints, buyer risk aversion, late arrivals by price-insensitive customers, buyer convenience, or restrictions on advance sales. Advance selling can help service providers in any industry in which buyers have uncertainty about their future valuations for a service (provided announced spot prices are credible and marginal costs are within a specified range). Advance selling can, depending on parameter values, double the profits from optimal spot-only selling to early arrivals. We also show that advance selling has no impact on consumer surplus in markets with homogeneous consumers and no capacity constraints (i.e., the basic model). Therefore, advance selling can increase social welfare because seller profits increase.
Second, unlike most previous research, we show that advance selling at a premium is sometimes optimal. Although advance selling should often be at a discount on the spot price (see Figure 1) , we find that advance selling at a premium is optimal with large but limited capacity and marginal costs that are not large. This strategy benefits sellers who are unable to credibly establish a high spot price, but can credibly establish a lack of capacity. No prior research has suggested this strategy because that research relies on a negative correlation between the time of arrival and price sensitivity. Without that assumption, premium advance pricing is sometimes optimal. Figure 1 also reveals that advance sales should be limited when capacity is insufficient to satisfy spot demand (at a high spot price) but marginal costs are sufficiently small so that discounted advance prices are still profitable. Buyers advance purchase to guarantee capacity given high future valuations because the expected surplus makes it worthwhile. Although this appears to be insurance, it is not because risk-neutral buyers still advance purchase.
Specific Findings
Advance selling increases profits when marginal costs are sufficiently large or capacity is sufficiently small. The reason is that buyers advance purchase only when they expect an advantage from doing so. There are two sources of advantage. First, sellers can credibly convince buyers that the advance price is at a discount to the spot price. Large marginal costs or limited capacity can provide that credibility. Second, buyers may advance buy to avoid the possibility of unavailable capacity in the spot period. Limited capacity creates that possibility.
The advantage from advance selling also requires sufficiently low costs. The reason is that advance selling increases sales by selling to buyers who would not spot purchase because they find themselves in an unfavorable state in the spot period. The seller induces advance purchases with a discounted price. Consequently, the seller enjoys additional sales, albeit at a lower profit contribution. When costs are too high, the required discount results in no profit advantage.
When capacity constraints are binding, advance selling can work in two very different ways. First, with limited capacity, advance selling can increase total unit sales to a level higher than that from only spot selling at a high spot price. (When capacity is very small, however, there is insufficient capacity to increase sales.) Second, when capacity is sufficiently large, but not unlimited, advance selling can increase profit margins by selling at an advance price higher than a low spot price.
Consistent with Desiraju and Shugan (1999) , we find that limiting advance sales can be profitable but only under restrictive conditions (i.e., a range of capacities and a range of marginal costs). It is best to limit advance sales to reserve capacity for spot sales to buyers in favorable states when sellers would be left with insufficient capacity to sell to all late arrivals at a high spot price.
It is possible that other factors such as buyer risk aversion, exogenous credibility, and partial refunds can increase the profitability of advance selling. However, there are often other conditions required to insure that increase.
Future Research
Despite our analyses of advance selling in this paper, we leave many interesting areas for future research. Our model of advance selling can be extended in different directions and integrated with other research. For example, future research might integrate buyer uncertainty about future valuations into the existing literatures on bundling strategies (Ansari et al. 1996) , the need for variety (Kahn and Lehmann 1991) , delaying purchases (Greenleaf and Lehmann 1995) , learning the demand function (Lazear 1986) , and in channels situations (Padmanabhan and Png 1995) .
We provided only a partial analysis of buyer surplus, buyer risk aversion, refunds, and exogenous credibility. Future research is clearly needed on these topics. For example, how can sellers create exogenous credibility, and what factors cause buyers to believe price announcements for future periods?
The theory of advance selling in this paper can be extended to include factors present in a variety of contexts. For example, future research can consider our model in conjunction with bundling across time and across services. This topic is relevant to sellers such as health clubs, country clubs, and other organizations that sell memberships. It is possible that advance bundling provides more profit than selling bundles at the time of consumption.
Other situations to consider include situations in which seller marginal costs depend on the state of the buyer (e.g., insurance or financial loans), situations in which buyer psychology changes as the spot period approaches (e.g., attention to different attributes might change), and situations in which buyers can purchase an assortment of services to be consumed at different times (e.g., a vacation package with vouchers for future unscheduled activities). Situations in which the sellers have different degrees of control over the time of consumption should be studied. In general, there has been little research about when buyer valuations have greater uncertainty and what creates that uncertainty. Situations in which buyer uncertainty about future valuations changes dynamically across time should also be studied.
Finally, rich areas of future research include how far in advance the sellers should advance sell, how to set multiple advance prices in multiple periods preceding consumption, how to advance sell in competitive environments, how to advertise advance sales, which services to advance sell in a service line, and how to advance sell bundles of services. Perhaps advance selling can be used to ''lock out'' competition, selling to buyers before they can spot purchase from competitors.
Compare Advance Selling with Spot-Only Strategies. The profits from advance and spot-only selling are 
Expressing the profit advantage as a fraction of the spot-only profits yields
This ratio is maximized when q takes it smallest value. Given the credibility condition, q can be no smaller than q* ϭ (L Ϫ c)/(H Ϫ c). When q ϭ q*, the profit advantge of advance selling is
Under the optimal advance-selling strategy, seller surplus from Period 1 arrivals is
Under the optimal spot-selling strategy, seller surplus from Period 1 arrivals is SS S ϭ q(H Ϫ c)N, consumer surplus is CS S ϭ q(H Ϫ H)N ϭ 0, and social welfare is
PROOF OF THEOREM 6 (BUYER BEHAVIOR WITH CAPACITY CONSTRAINTS).
When sellers advance sell, a Period 1 arrival has two options: (1) try to advance purchase or (2) wait. The decisions are based on the expected surplus of the two options: the expected surplus from trying to advance buy (ESTA) and the expected surplus from waiting (ESW ). A Period 1 arrival will take option 1 if ESTA Ն 0 and ESTA Ն ESW.
Let S 1 denote the seller's limit on sales in Period 1, 0 Յ S 1 Յ min[N, T ], and t denote the probability that a Period 1 arrival finds capacity in period t.
Option 1: Try to Advance Purchase. With this option, the expected surplus depends on the spot price. Specifically,
Option 2: Wait. With this option, the expected surplus depends on the spot price. Specifically,
Comparison. Subtracting,
Theorem 6 follows. Ⅺ Note that in Theorem 6 we do not assume possible cooperation among buyers. By allowing cooperation, we let 2 denote the probability of available capacity in Period 2 when all Period 1 arrivals try to advance buy. Let denote the probability of available ca-Ј 2 pacity in Period 2 when all Period 1 arrivals wait. Hence,
Comparing,
Hence, with capacity constraints, buyers are willing to pay a premium (q(H Ϫ L)(1 Ϫ ⌳) Ͼ 0) for advance purchase when the spot price is low. Hence, when buyers cooperate we get the same results as Theorem 6 (buyers will pay a premium when p 2 ϭ L and EV when p 2 ϭ H), only the probability is ⌳ rather than 2 . 
Sales in Period 1 are S 1 and sales in Period 2 are the smaller of the number of buyers who enter Period 2 with high valuations, q(2N Ϫ S 1 ), and the remaining capacity, (T Ϫ S 1 ). There are two cases: (a)
. Let S be the optimal level of * 1 S 1 , then the profits for these two cases are:
There are three possible ranges for Ŝ . Rewriting the preceding table for these ranges we get:
Medium capacity
Large capacity
The high spot price strategy is not credible (see discussion below).
Finally, recall that high spot strategies must be credible. Credi-
When capacity is very small, S ϭ 0, then the credibility condition we get L ϭ (p Ϫ c)S 1 ϩ (L Ϫ c)(T Ϫ S 1 ). Theorem 6 shows that
Simplifying,
Given L (S 1 ) is increasing with S 1 , then S ϭ min{T, N }. We have * 1 two cases S ϭ T and S ϭ N. However, when capacity is medium * * 
Medium and large capacity (T Ͼ (1 ϩ q)N)
Comparison. Now we compare the profits of the two strategies, ϭ H and ϭ L, at each level of capacity:
Small capacity (2qN Ͻ T Յ (1 ϩ q)N)
Note that a high spot price is not applicable for the case of large capacity.
Remember, with a large capacity, {1 ϩ [(H Ϫ c)(L Ϫ c)]q}N Յ T Ͻ 2N, a high spot price strategy is not credible. Hence, a low spot price strategy is optimal to the case of large capacity. Large capacity
A low spot price strategy is optimal → Premium advance selling without restricted advance sales: {p* ϭ p , p* ϭ L, S* ϭ N} 
where c ϭ (L Ϫ qH)/(1 Ϫ q,) and
Advance Selling. With exogenous credibility, sellers have two possible optimal advance selling strategies: (a) a high spot-price strategy {p 1 ϭ EV, p 2 ϭ H}, and (b) a low spot-price strategy {p 1 ϭ L, p 2 ϭ L}. Let H and L be the profits of the high spot-price advance selling and the low spot-price advance selling strategies, respectively. Let S be the profit of spot-only strategy.
High Spot-price Advance Selling. 1
Advance Selling with Refunds.
Spot Selling Only.
Comparison. 
